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CALIFORNIA METHOD FOR THE STRUCTURAL DESIGN OF FLEXIBLE PAVEMENTS

F. N. HVEEM* AND GEORGE B, SHERMAN*#*

SYNOPSIS firrﬁd %ﬁ as "the strength of materi-
als,
StateFo;‘ Ehiigastisegera% years, the be reason:bi:feggsgdcgﬂgeﬁgom;gﬁms te
of California has been using a " i i
pavement structural design methodg 2§Egié angoﬁgxeﬁé ;g %S ggceptlvely
g:iedduponftest roadfdata and on ob- man knows that a 12-Sb;a1§?§ﬁchAt%;§;r
ved performance of pavement struc- i i
tures. The original formula, contain- BS?T Zl%} ﬁ;szfiﬂcﬁ g:ﬁzter lo?d than
ing factors for traffic, supporting grasp the idea that a st cinba o ill
ggw:;eogasgg sgil,dagd sl?b strength support a greater 1oadst§:n aezgogZﬂ
ent and base layers, ha i i
been modified at times as bZtteé gnf 2232 Oii&?iriagi e nd caan™”
formation became available. architects ha%e 3és?§3§38aﬁ3dc§§§§ruc-
This paper describes not only ;gghgggevgilr;z §l§boiﬁte oy of weco
the design formula but al ifi- i Y e eraining of recog-
g ut also modifi nizable engineering trainin Howe
cations suggested from a study of the while the strength os od.
AASHO Test Road d i gth properties of wood,
et ata. Correlation stone or iron may be reasonably well
W e test track data is also showm. aggraised by experience or intuition,
srsoDvoTION gt g g
h goils and granular materials and foundations to sustain loads.
ave been used in building construc- iffi
tion, for walls, floors, gnd pave- may bg ﬁﬁgggbgﬁaéooihghfaSifgécﬁézis
ments, for many thousands of years. for identifying and measuring the im-
Obviously, the ancients must have had portant properties of the materials
a great deal of practical knowledge involved. While the "strength idea'
about the use of such materials. When is accepted almost spontaneously and
the designers and builders of ballis- instinctively and presents no serious
tae, catapults and similar engines of difficulties when applied to such
war turned their attention to other things as steel, timber, reinforced
forms of construction more precise concrete, et ceéera it,does become
methods for estimating the potential a little blurred and the image rather
behavior of materials began to emerge. fuzzy when one tries to apply this
The need to design stable earthworks term to the properties of soils. It
was probably most pressing on the becomes even more elusive when applied
military engineers and one of these, to cohesionless sand and fails com-
Charles Augustin Coulomb, (1736-1806) pletely to describe the properties of
was among the first to propose a for- liquids such as water.
mula by means of which the stability
of earthwork embankments might be com- Webster's dictionary says that
puted. Nevertheless, in spite of the strength means:
long history of engineering works in-
volving earthy materials, formulas for "Power to resist force; solidity
calculating the bearing capacity of or toughness; the quality of
soils have not been as reliable or bodies by which they endure the
perhaps not as well understood as are application of force without
formulas for bridge members and other breaking or yielding; a measure
structures. §f the cohes%on of materiﬁl;
irmness; coherence; as the
Engineering is a profession which strength of a bone,’beam, wall,
requires an understanding of several rope, et cetera."
sciences and disciplines but which
depends primarily upon a knowledge of The word strength obviously has many
materials and how the materials will meanings and shadings, and it does
perform or ''stand up" under given con- not mean the same thing when applied
ditions. The typical engineer has a to different materials and circum-
working knowledge of physics, mechan- stances. We may speak of a strong
ics, mathematics, and is acquainted wind or a strong current of water but

with a collection of somewhat inexact
numbers and values optimistically re-

what we mean is that when either a
gas or a liquid is in motion it can

FHMaterials and Research Engineer, *kSupervising Highway Engineer, Materials
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exert considerable force. A "strong
man" may also be able to exert con=
siderable force but he cannot neces-
sarily withstand as much as a ""weak
woman. At least, women have shown
that they often have great powers of
resistance! We speak of a strong
steel cable or a nylon rope and such
strands are strong in the sense of
the dictionary definition meaning
"oohesion." TFor most engineering
materials, the word strength actually
denotes only tensile strength, but
materials such as soils can 'endure
the application of force" and yet
possess little or no tensile strength.
It, therefore, appears that a more
precise general term for the proper-
ties in which we are interested is

the term "resistance.'" This term is
explicit and may be applied without
confusion to a variety of materials.
Thug, a strong steel wire or cable
requires a considerable force to over-
come its resistance to breaking. A
column of stone blocks oxr a dry rubble
wall exerts considerable resistance

to compressive forces. Even more
pertinent to this discussion, the
common materials of the earth's crust,
rock, sand, gravel, soil or mud, all
can be shown to offer measurable de-
grees of resistance to applied forces.
But these materials have little co-
hesion and hence little or no
"gtrength' unless combined with an
artificial binder such as asphalt or
portland cement, and even the tensile
strength of concrete is not very great
compared to steel, for example.

THE PAVEMENT PROBLEM

A1l pavements, regardless of type,

rest upon the materials of the earth's
surface, and while there are a few ex-
amples of relatively solid rock sub-
grades, the vast majority of highway
pavements are supported by soils or
related granular materials having

low cohesive strength. Neverthless,

a wide variety of soils have "what it
takes" to support pavements if the
pavement structure is "sroperly de-
signed." This means that soils pos-
sess some pertinent property other
than cohesive strength and this prop-
erty is easily identified as inter-
particle friction. The importance of
both friction and cohesion were rec~
ognized by Coulomb and values for each
appear in his formulas.

In order to apply the principles
of engineering to the structural de-
sign of a pavement, the engineer must
know what properties of materials are
involved. Lack of reliable tests has
been one of the greatest stumbling

blocks. Many of the tests which have
been applied to soils and paving ma-
terials do not provide measures of
fundamental properties. For example,
if one wishes to measure the tensile
strength of steel, a carefully pre-
pared specimen is attached to the
jaws of a testing machine and the
force required to pull the specimen
apart is measured. This is a direct
measurement of an important property.
if the strength of concrete is in-
volved, a carefully prepared test
cylinder or cube is subjected to a
direct compression loading. It is
important to note that even though
steel and concrete are often combined
to produce reinforced concrete struc-
tures, one rarely attempts to measure
the properties in combination. The
individual strength properties are
evaluated by separate tests. Unfor-
tunately, in the case of soils and
other granular materials, a number of
test methods are affected by the two
distinct properties acting simulta-
neously.

Many tests provide no means for
differentiating between such radi-
cally different attributes as frie-
tion and the cohesive resistance.
While the resistance to deformation
or displacement that is due to fric-
tion is fairly well defined (if
not well measured), the cohesive
"strength" or resistance is generally
defined as ''that portion of the re-
sistance to sliding that is not af-
fected by the pressure.” This is a
negative definition and differs from
the dictionary definition of cohesive
strength. In effect then, the soil
mechanics definition of cohesion does
not define what cohesion is, it mere-
1y says what it is not. The other
element of confusion arises from the
use of such devices as the Mohr circle
analysis in which the intercept of the
Mohr envelope on the vertical scale
{s defined as ''cohesion." Tests on
certain obviously cohesionless mate-
rials have shown a definite value for
the intercept which would therefore
be defined as "'cohesion." Finally,

a great many have been "thrown off

the track' by the substitution of such
terms as ''shear strength' which by
itself is not a property of materials;
the total resistance to shear being
agaln composed of variable portions

of frictional and cohesive resistance,
The resistance due to each of these
dissimilar properties combines to
produce the total resistance in an
endless variety of combinations.
use of tests such as the CBR test,
several varieties of direct shear
tests, or unconfined compression tests,
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all tend to reflect or summarize some
arbitrary combination of friction and
cohesion. The relative proportions
depend upon the geometry of the test
specimen and speed of loading which
usually differ considerably from the
conditions on an actual roadway.

Both geologists and agronomists
have studied fragmentary stone and the
finer decomposition products called
"s0il" and each have developed clas~
sification schemes and names for the
numerous varieties of rock, gravel,
sand and soil types. These classifi-
cations have their uses and have
proved helpful to the engineer but
none are directly fitted to the
engineer's problem. As stated by
Dr. Jacob Feld, '"an adequate soil
clagssification scheme for engineers
should be based upon engineering
properties.”" All this leads up to
the point that soil, sand, gravel and
other naturally occurring mineral
materials possess a number of prop-
erties and characteristics and can be
variously described according to geo-
logic origin, petrographic classifi-
cation, grain size, soil texture,
mineralogical composition or even in
terms of the chemical compounds in-
volved. These classifications may or
may not indicate the suitability of
the material or the best means of
treatment for engineering purposes.

As in the case of all the other
sciences concerned with soils, the
engineer needs to know what properties
are important to him and what deter-
mines the ability of the soil to sup-
port loads, and having identified these
properties he must then know what test
methods to use in order to measure
them. This is a step which must be
made first as no reliable or valid
mathematical formula for structural
design can be developed unless it
includes numerical values to express
real and essential properties of the
materials involved.

in 1948 a design formula for cal-
culating the thickness of pavementsl
was reported which includes an expres-
sion For the measured resistance value
of the various soll or granular layers
and for the tensile strength or co-
hesive resistance of all elements com-
posing the pavement structure. The
fasic data for the relationships de=-
veloped were derived from a small but
full scale project known as the
Brighton test track constructed by the
California Division of Highways 1in
1940. For an expenditure of less than
$100,000.00, it was possible to con-
struct and operate a test track which

included eight different types of base
material varying in thickness from

3 inches to 18 inches resting on the
same saturated silty clay soil having
a CBR value of about 3 or an R-value
of approximately 17. The track was
subjected to a loaded truck and at the
end of the operation it was obvious
that the thickness required for the
various types of base did not show any
consistent relationship to the CBR
value or the Stabilometer value for
the bage material itself, but there
was an orderly and consistent trend
with the tensile strength of the ma-
terials as measured by the Cochesi-
ometer. This test track made it pos-
sible to assign tentative values to
some of the variables such as the
effects of wheel load and repetition.
While the underlying soil on the test
track was uniform throughout and gave
no range of values, some additional
check points were obtainable from
observations on the State highway
system. A few scattered examples
where the pavement thickness had been
varied over different types of soils
made it possible to establish a rela-
tionship. The establishment of a
scale of values for soll support was
greatly simplified by the fact that
the thickness of pavement structure
required bears a linear relationship
to the Resistance Value of the soil
as measured in the Stabilometer.
There was no opportunity to introduce
a variation in tire pressure so the
effects of this variable were not
established. The formula developed
at the time was as follows:

7 = {KPYG log p)(R/R-0.10)
Y C

Thickness of cover (base

and Pavement) in inches

K = .0175 for best correlation
but without any factor of
safety. For design pur-
poses it is suggested that
K = .02

Py = transmitted horizontal
pressure in the Stabil-
ometer test (#/sq.in.)

Py = applied vertical pressure

in the Stabilometer test

(typically 160#/sq.in.)

where; T

P = effective tire pressure
(#/sq.in.)

a = effective tire area (sq.lIn.}

r = number of load repetitions

¢ = tensile strength of the

cover material as measured
by the Cohesiometer in gms.
per sq. in. (approxi-
mately = Modulus of Rupture
x 45.4)

froconT
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The above formula was simplified by
reducing the effects of load and rep-
ition (EWL) to an expresslon termed
the Traffic Index and by reducing the
Stabilometer data to a Resistance

Value "R". The formula then becomes:
T = 0.095 (T;afflc Index) (90-R)
\//cohesion value
where: T = required thickness of
cover
R = resistance value by
Stabilometer

This formula was used for the design
of pavements and any discrepancies
that become apparent between predic=-
tion and performance were noted and
modifications in the testing and de-
sign procedure were introduced as
seemed to be warranted.

Upon the completion of the WASHO
test track in Idaho, attempts were
made to check the California formula
by comparison with the performance on
the WASHO test track. Unfortunately,
the design of this project was such
that only a very few definite points
could be established. While the us-
able data from the WASHO track agreed
with the predictions of the formula,
they were insufficient to confirm its
validity over any substantial range.
Fig. 1.

The tremendously larger AASHO
test track in Illinois furnishes a
great deal more data and gives a much
wider range of values for checking a
previously established structural de-
sign formula. In order to make a com-
parison between caleulated values and
test track data, the various materials,
basement soils, granular base, sub-
base and asphaltic pavement were
tested and evaluated according to the
California procedures. The wheel
joads and number of trips were con=
verted through the equivalent wheel
load calculation to the traffic index
number. With values derived by Lab-
oratory tests of the Illinois materi-
als and calculations for the traffic,
it is possible to arrive at a design
thickness based on the California
formula (1957 Model). The calculated
thicknesses may then be compared with
the actual thickness reported to be
necessary on the test track. The cor-
relation is shown in Fig. 5. The
statistical values showing a standard
error of estimate of * 2.7" and a
coefficient of correlation of 0.87
seem to confirm the ability of the
California design formula to predict
the thickness of pavement required for

a wide variety of traffic loads and
materials. However, the test track
data neither prove nor disprove the
applicability of the California for-
mula to other types of soll or granu-
lay base materials. The test track
pavement structures were supported by
only one type of basement soil. Be-
cause of this lack of variables on the
AASHO project, it is not possible to
develop a design formula by using the
test track data alone. It will be
noted that the statistical type for-
mulas developed by the road test proj-
ect staff have no terms or identities
which permit application to soils dif-
fering in properties and ability to
support loads from those used on the
test track. The test track formula
does not identify or indicate means
for measuring the properties or phys-
jeal conditions which account for the
performance of the subbases, bases

and asphalt pavement types.

THE FACTORS WHICH MUST BE TAKEN
INTO ACCOUNT IN A DESIGN FORMULA

A design formula for the struc-
tural elements of a pavement should
embody all of the important factors
which affect the ability of the pave-
ment structure to sustain vehicle
1oads over a substantial period of
years. There have been many formulas
Proposed. In an article entitled,
'Progress Report of Subcommittee on
Methods of Measuring Strength of Sub-
grade Soil--Review of Methods of
Degsign of Flexible Pavements,''
Professor Kersten2 listed 22 different
formulas. Some of these were based on
theoretical concepts, others were coin-
pletely empirical, and some represent-
ed a mixture of the two approaches.
The factors which influence the over-
all performance of a pavement are SO
aumerous and the desirable attributes
of a pavement are SO diverse that it
seems impossible or highly improbable
that all of these variables can ever
be included in a single formula, or
if such a formula were constructed
ontly a highly sophisticated electronic
calculator could hope to reach a solu-
tion. Even then, a certain allow-
ance would be needed for the inability
of construction equipment or methods
to do a perfect job.

Fig. 2 is included to show the
variables that can affect the per=-
formance of an asphalt pavement. it
will be noted that at least 30 differ-
ent items have been identified. How-
ever, design formulas rarely need to
cover every factor and many of the
variables shown on the chart can be
ignored or combined into a single
element in the formula.
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As an example of the simplifi-
cation which is possible and quite
practicable, an adequate structural
design might be described as ome
which produces an economical or ef-
ficient pavement that will neither
crack nor deform under the assumed
traffic during the design life of the
pavement. (Guarding against disinte-
gration types of fallure is primarily
a question of mixture design and
quality of materials rather than a
structural design problem.) Column 3
of Fig. 2 shows that there are three
primary factors; namely, the effects
of traffic, the strength of the pave-
ment, and the ability of the founda-
tion to support the load. The primary
fﬁitors have the following relation-
ship:

1
I

KDR
S

Thickness

Constant

Destructive Effect of
Traffic

Resistance Value of
Support

= Strength of Pavement
Structure

where:

T
K
D
R
S

In order to derive a number to
express the load effect, it is neces-
sary to consider Columns 4 and 5 which
1ist some of the sub-divisions which
make up the traffic load effect or
“the destructive effect of traffic.”
The principal variables are the total
wheel load in contact with the pave-
ment and the number of times this
load passes over the pavement. The
area of load influence is a factor but
the problem has thus far been simpli-
fied for highway traffic as the maxi-

mum tire pressure on most motor trucks
is in the order of 70 or 80 psi for
the heavier vehicles. The axle spac-
ing or "the proximity factor' is con-
fined to only two typical configura-
tions; namely, single axles some 15'
a?art or tandem axles (2 axles within
4V). While the comparative effects of
tandgm axles versus single axles differ
markedly as between flexible pavements
and rigid pavements, nevertheless, it
is possible to convert these two types
of axle spacings to a common denomin-
ator for each type of pavement. Exam-
ining all of the available data which
include the Brighton test track, the
Stockton track {(constructed by the
Corps of Engineers), the WASHO and the
AASHO projects, it appears that the
relative effects of traffic may be ex-
pressed as follows:

Tor Flexible Pavement Design
0.50 0.
1.30(%) 012

Traffic Index

Wheel Load in kips

For tandem axles, W= 1.10
individual wheel load

r = Number of load applications

TE

where: TI
W

na

This expression assumes a tire pres-
sure in the range 50 to 100 psi but
does not provide for effects of extreme
variation in tire pressure as there are
insufficient data available to indicate
how varlation in tire pressure may af-
fect the performance of a road struc-
ture. Referring again to Fig. 2, it
will be observed that there are a num=
ber of factors which compose the over-
all properties of the pavement. Pri-
marily, there is the question of
stiffness* or the resistance to bend-
ing. Stiffness of a "flexible' pave-

¥Fhe term "stiffness' has been borrowed from a report by L. W. Nijboer and

C. van der Poel3,

s = Fp (12)
Xp

Fp = Force acting on pavemenz
Limits of F, between 10

Nijboer computes stiffness from the formula:

in newtons.
newtons (1 ton) and

2 x 104 newgons (2 tons) respectively.

1}

Xp

Deflection of the pavement in microns.

Therefore, the term tgtiffness' bears a simple mathematical relaﬁignsh@p to
the deflection of the pavement and as used by Nijboer "stiffness implies the
resistance of all components including the pavement, bases, subbases and the

underlying soil.

For design purposes it seems preferable to us to assoclate

the concept of stiffness with the pavement and base struchrgs alonﬁ in which
case there will not be a consistent relationship between "stiffness and
deflection’ as the character of the supporting soil will then represent a

variable - “"resilience."
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ment is influenced by the thickness,
type and amount of asphalt and by the
temperature. This means that an as-
phalt pavement has a high degree of
stiffness during cold weather and it
alsomeans that the lower courses pro-
vide greater stiffness in warm weather
than the same mixture in the surface
layer exposed directly to the sun.

The stiffness of all materials can be
expected to increase with the thick-
ness of the layer but in the case of
asphalt pavements the effect is en-
hanced by the lower temperatures in
the bottom courses, especially where
the pavement is of substantial depth.
Flexibility is more or less the op-
posite number or complement of stiff-
ness. This is a property not easily
measured but it may enable a pavement
to survive the flexing over resilient
or springy foundations. It is a dif-
ficult value to include in a simple
design formula. The word "stiffness"
is also not entirely applicable or
adequate to express the manner in
vhich a pavement structure functions.
The concept of ''stiffnesgs' is readily
visualized in the case of a thick
asphalt pavement. It is even more
descriptive of a portland cement con-
crete slab, but a substantial layer

of crushed stone or gravel will have
the same effect, within the limits of
its own resilience, in reducing de-
flections. Precisely speaking, the
term stiffnessg hardly seems appropri-
ate for a bed of cohesionless material.
Nevertheless, in the absence of a
better term, a thick layer of sand or
gravel may be said to have 'stiffness.”
The question of pavement stability and
resistance to water action are proper-
ties which fall into the area of mix
design and need not ordinarily be con-
sidered in a structural design formula.

The process of assigning strength
or resistance values to foundation ma-
terials must resolve a great many
variables due to the wide variety of
materials which may be involved. The
treated bases and subbases may possess
properties similar to that of the
pavement layer while granular bases
and underlying soils are generally low
or completely lacking in tensile
strength or cohesive properties. As
inferred above, a great deal of the
so-called fundamental or theoretical
approach to the design problem has
focused attention upon the elastic
properties but for the most part it is
the plastic proEerties of soils, sub-
bases and granular bases that have
caused the most trouble. Again, one
must recognize the very dissimilar
response of friction and cohesion to
most tests or loads.

The Stabilometer furnishes a means
for measuring the internal friction of
granular materials under load. When
solid particles such as stone or sand
grains are coated with asphalt or wet
clay, a lubrication effect is intro-
duced as soon as a sufficient quantity
of the lubricant has been added. O0b-
viously, the amount needed and the
effects produced may vary considerably.
Rough crushed stone particles are dif-
ficult to lubricate while smooth pol-
ished gravel and sands will tolerate
only small amounts of asphalt or wet
clay additions. The problem of sta-
bility of asphalt pavements or the
ability of granular bases and subbases
to support a pavement very largely
depends upon the friction or the de-
gree to which the friction has been
reduced or lost by lubrication, Thus,
the designer of bituminous mixtures
or clay-bound stone bases is confronted
with the fact that the very materials
which are added to increase the co-
hesion (strength) will alsoc reduce the
frietion through lubrication whenever
sufficient amounts have been added.

When the cchesive effect is pro-
vided by a viscous liquid such as
asphalt it becomes Impossible to sum-
marize the two unlike properties ex-
cept under some specific condition
of load area and speed of loading.
Furthermore, it may be shown that the
two properties are individually im-
portant and each 1s most effective in
certain regions or zones of the pave-
ment structure. A bed of cohesionless
crushed stone, gravel or sand will
support traffic provided the surface
is covered with an adequate thickness
of material which does possess some
cohesion. A surface treatment or seal
coat on a gravel road is an example
but to be successful a certain depth
of the gravel must have some coherence
or cementing action furnished by a
soil binder. 1In contrast, a thin seal
coat would be completely ineffective
on a bed of clean beach sand. There
is ample evidence therefore to show
that an adequate pavement structure
must provide an upper layer of material
having some coherence or tensile
strength and the thickness of this
layer must increase with increasing
wheel loads. Beyond this critical
depth, a completely cohesionless gravel
or sand will serve quite well and will
often prove to be less eritical and
give more lasting service than will
Base and subbase layers cemented with
natural materials. Natural materials
may consist of soil including clay or
fines produced by degradation of the
aggregate, Fig. 3 is a sketch showing
the regions in the pavement structure

fa| .
Ty

VARTAY,

Fastro-com


http://www.fastio.com/

HVEEM AND SHERMAN 7

where cohesion and friction are re-
spectively most influential or impor-
tant. Fig. 4 1s an alignment chart
suggesting the depths of pavement and/
or cohesive base layer that is required
over a completely cohesionless material.

For various magnitudes of wheel
lecading, the AASHO test road furnishes
examples which supplement observations
on the performance of actual highways.
On Loop No. 2, it will be observed
that the thin bituminous surface treat-
ment resting directly on the soil gave
a better performance and sustained a
greater number of trips before failure
than did the same thickness of surface
resting on the gravel, yet the soil
had a lower CBR, lower R-value and
would be considered to be far less ad-
equate by most methods of evaluation
thus far developed. Referring to
Loop No. 5, the wedge sections 457,
458, 467 and 468 also demonstrate that
the failure of the pavement was due to
the gravel base as it failed as read-
ily over l3-inches of depth as over

tion between the thickness computed
by thz California method (1957 revi-
sion)* and the actual minimum thick-
ness found to be adequate on the
AASHO test track. It appears that the
greatest discrepancy between the pre-
dictions of the California formula
and the actual performance is in the
bituminous basge sections and it is
therefore evident that the assumed
cohesive strength value which has
been used for California asphalt
pavements is not adequate to account
for the performance of the thick
asphalt sections on the test track,

In evaluating the effect of
bituminous bases on performance the
wedge sections of the test road pro-
vide some information. Table 2.2-9
of AASHO Road Test Report 5 gives
information showing the equivalencies
in terms of inches of gravel for both
the bituminous treated and the cement
treated bases, From the AASHO infor-
mation the equivalencies in the table
below were developed:

5-inches.

Fig. 5 shows the correla-

TABLE I

*TABLE OF EQUIVALENCIES QF TREATED BASES

Equivalency = inches of stone base per inch of treated base
App. Base Loop 3 Loop 4 *%%Loop 5 **Loop 6

(10C0)}| Type | 12K~-S 24K-T | 18K-S 32K-T | 22.4K-S 40K-T | 30K-S 48K-T
100 CTB 1.8 2.2 1.9 2.0
BTB 2.9 3.2 2.4 2.3 3.0 2.9

300 CTB 1.7 1.8 1.6 1.6
BTB 2.8 2.9 2.2 2.3 1.9 2.3

500 CTB 1.7 1.6 1.5 1.5
BTB 2.7 3.0 2.3 2.4 1.7 2.1

700 CTB 1.6 1.6 1.5 1.3
BTB 3.1 3.1 2.2 2.4 1.7 1.8

900 CTB 1.6 1.6 1.5 1.5
BTB 3.3 3.1 2.2 2.4 1.7 1.7

CTB 1.6 1.6 1.5 1.5

. BTB 3.4 3.1 2.2 2.4 1.7 1.7
Avg. | CTB 1.7 1.7 (1.65) (1.65)] 1.6 1.6
& BTB 3.0 3.1 2.3 . 2.0 2.1

BTB = Bituminous Treated Base

CTB = Cement Treated Base

*Extracted from Table 2.2-9, AASHO Road Test Report 5.

#*%For Loop 6, four inches of Subbase was replaced by 3.5 inches
of Stone Base for comparison purposes.

*%#%Since there was no Stone Base Wedge Section in Loop 5, the average
equivalency for CTB (1.65) from Loops 4 and 6 was assumed to be
correct for Loop 5 also, and this value was used for comparison

with the BTB Sections.
polations.

The data for Loop 5 are, therefore, inter-
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The above table would indicate
that cement treated bases have an
equivalency of 1.65 inches of gravel
to 1 inch of base. This agrees quite
favorably with California experience
as we are currently using a factor
of 1.75 to 1.

From the information on bitumi-
nous bases, on the other hand, it is
apparent that the magnitude of load
has a marked effect upon the equiva=-
lency of bituminous bases. We suspect
that there is also an effect due to
depth of layer and the number of
repetitions. However, in these lat-
ter two cases, it was not possible
to isolate the variables by means of
the information available. It is
possible that one effect offsets the
other.

A study of air temperature data
at the AASHO Road and corresponding
pavement temperature data indicated
that an approximate average pave-
ment temperature of about 72° would
represent the over-all condition of
the test road pavement. Cohesion¥*
(tensile strength) tests were made
on AASHO pavement cores tested at
various temperatures. The results
are shown in Fig. 6. At 72° the
cohesion value of the AASHO mix is
5000 grams per lineal inch. The
recovered penetration of the asphalt
in these cores was 37. To compare
a normal California mix using a good
crushed California aggregate and
asphalt manufactured on the Pacific
Coast the remaining series of tests
indicated in Fig. 6 were performed.
For these California mixes it will be
noted that the cohesion at 72° would
be only 2000 grams per lineal inch.
Most observers would agree that the
equivalency of a rigid layer of mate-
rial, in terms of inches of gravel,

should be directly related to its ten-
gsile strength and its depth of section.

A somewhat different situation exists
in the case of bituminous layers for
in this case strength not only is ve-
lated to composition but also to
temperature, as is demonstrated in
Fig. 6. A bituminous mix varies in
temperature from top to bottom, and
consequently there is a variation in
that portion of its strength which 1s
dependent upon the viscosity of the
asphalt binder.

In order to evaluate the prop-
erty of cohesion, an empirical for-
mula was developed to fit the AASHO
conditions. This formula is:

Equivalent Cohesion,

C = Cohesion at 72° g \2-5
W2

where: W = applied wheel load in
Kips (26)

Also:

Gravel Equivalency,
c 0.2
g.e., =
(éohesion of Gravel)

Fig. 6 indicated that mixes in
themselves have widely divergent
tengsile strength characteristics,
and in ordinary highway design prob=-
lems an equivalency correction for
wheel load would not be a simple
matter since mixed traffic is in-
volved and the weight of individual
axles is rarely known, except on a
statistical basis. However, assum-
ing that lightly traveled roads will
generally be designed for light loads,
and heavy industrial roads will be
subjected to heavy loads, a general
relationship between equivalency and
traffic index can be established.

Fig. 7 is an empirical develop-
ment from AASHO Test Track data which
provides a means of adjusting equiv-
alency for mixes which do not have
the tensile ‘strength characteristics
of the AASHO asphalt concrete. We
feel that these reductions in equiv-
alency are necessary and need to be
considered if flexible pavements
are to be designed with the assurance
of an adequate life. 1In California,
therefore, we are proposing that a
series of equivalencies be used that
are based upon the predicted traffic.

A table of proposed equivalencies
taken from Fig. 7 is shown below. It
covers a complete range of traffic
currently using California streets and
highways.

A

Vs

a 2-1/2" x 4" diameter test specimen

by breaki
FCohesion test is performed by breaxing pecimen when

by bending. Cohesion value = grams per lineal inch to break s
tﬁe load is applied on a 30" lever armo.

5
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TABLE T1I
TABLE OF PROPOSED EQUIVALENCIES FOR BITUMINOUS MATERIALS
e .
Showing Thickness of Gravel lLayer That Would
Be Required to Equal 1" of Asphalt Concrete Pavement
Equivalency
Traffic Index AASHO Calif,
Class of Road Range Mat'l Mat'l
Heavy Industrial 10~12 2.0 1.6
Heavy Truck Traffic 9-10 2.2 1.8
Average Highways 7-9 2.4 1.9
Shoulder and
Frontage Roads 4.5«7.5 2.8 2.1
Residential Streets 2-5 3.0 2.5
In 1957 the methed for calculat- It will be noted from Table III1
ing traffic index in the California that the use of different base mate-
formula® was revised. The formula, rials results in different deteriora-
based upon test road data and experi- tion rates due to applications of a
ence available at that time, was: given load. However, the estimating
of future traffic for purposes of de-
W 5 £.113 sign is, at best, only an approxima-
TI = 1.35 (3) repetitiong| =------ (1) tion. Therefore, we do not feel that
refinements in the exponent due to
whare; TI = Traffiec Index, a number base type 1s justified until methods
directly proportional to the required of traffic prediction are greatly
thickness of structural section. improved. To encompass all reason-
able possibilities, it appears that
The AASHO Road Test data were re- the exponent of 0.12 would provide
viewed to determine the validity of a reascnably satisfactory value.
the exponents in the formula. The num-
ber of applications at present service- Using the same procedure as above,
ability index (psi) = 2.5 was plotted a tabulation was made for the same
vs the gravel equivalent of the indi- test sections in which curves of
vidual sections. These plots on log wheel load vs gravel equivalent were
log paper yielded the following slopes plotted for the indicated number of
shown in Table III below: applications. The slopes are deter-
TABLE IIT _
Slope of Gurve Application vs Gravel Equivalent™
A1l
Factorial BTB CTB Stone
Loop Lane Sections Wedge Wedge Wedge
3 1 0.118 0.088 0.137
2 0.099 0.111
4 1 0.146 0.100 0.067
2 0.141 0.127 0.064
5 1 0.093 0,100 0.082
2 0.103 0.080 0.103
6 1 0.097 0.162 0,086 0.046
- 2 0.090 0.161 0.099 0.044
Average 0.112 0.115 0.099 0,078
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mined for the wheel load exponent.
The tabulation is shown below and
typical curves are shown in Fig. 8:

Applications
of

Load BTB CTB Stone
100,000 Q.504 0.411 0.563
300,000 0.535 0.476  0.488
300,000  0.595 0.431  0.455
700,000 0.636 0.394 0.380
900,000 0.653 0.349 0.349
1,114,000 0.668 0.359 0.347
Average 0.599 0.403 0.430

Total Average 0.48

In the above table the factorial
sections were omitted because we did
not have sufficient data to inter-
polate exact thicknesses for given
numbers of repetitions.

The average value of 0.48 is
sufficiently close to a theoretical
value of 0.50 to justify the use of
the latter figure. Using the value
of 0.50 our formula for thickness
becomes:

0.50, .0.12
T = Constant (W)

T = Thickness
W = Wheel Load
r = repetitions

where:

From equation (2) Wheel Load Con-
stants may be calculated which may be
applied to mixed traffiec.

. Ty _ (W 0.50 e 0.12
And: TE Ty o

making T3 = T2; Wy = 5000 1b.; and

r9 = one repetition of load Wj:

W 4.2
ry =Gﬁ% Equivalent 5 kip
wheel loads (EWL)

We will call the constants EWLg2 to
differentiate from previous EWL calcu-

lations made by the California Division

of Highways.

In the paper '"Recent Changes in
the California Design Method for
Structﬁral Sections of Flexible Pave-
ments''4 the details of using this
method to obtain constants applicable
to mized traffic is outlined.

Briefly, the method consists of
a statistical sample of traffic as

welghed at various loadometer stations
throughout the State. The development
of the method is shown in the attached
Table IV where axle weights at various
loadometer stations have been grouped
together to show variations within
classes of trucks, such as 2, 3, 4, 5
or 6 axle trucks. It will be noted

in the table that wheel load factors
for the 3, 4, 5 and 6 axle trucks show
a variation within a given wheel load
group. This is due to allowance for
tandem effect. Based on test road
data a 107 effect was allowed for each
pair of tandems included. The number
of tandem vehicles for each class of
truck is estimated, using tables pub-
lished in House Document #91, lst
Session of the 86th Congress. This
document contains a large sample of
truck combinations and loadings for
various geographical areas of the
United States. It contains sufficient
information to establish the percent~
age of single and tandem axle combin-
ations for each load group. These
percentages were applied to the load-
ometer tables of the California
Division of Highways to determine the
average wheel load factor for each
class of truck and for each loading.

Table V shows the totals arrived
at in Table IV and develops the EWLgo
constants for computing average dai?y
traffic.

Since in California our traffic
counts are reported as the total ve-
hicles in two directions the truck
constants developed in the last col-
umn of Table V are for these bi-
directional counts. It should be
pointed out that Table V constants
are based on 1959 traffic and that
any increase in allowable load limits
will result in higher constants. These
constants multiplied by the estimated
number of trucks of each axle grouping
will total to the design equivalent
500¢ pound wheel loads (EWL). Con~
stants could also be determined quite
readily for equivalent 9000 pound
wheel loads.

The EWL may be converted to traf-
fic index by the formula:

0.12
TI = 1.30(EWL)

A typical traffic index calculation is
shown in Appendix I. Those who are
familiar with and have used the
California method previously will note
a substantial reduction in the EWL
constants. However, the relation be-
tween constants (i.e., the ratio of

2 axle to 5 axle or 3 axle to 6 axle
vehicles) has not greatly changed.

W\WwW . fastio.com
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It should also be noted that for a
given traffic situation the new EWL
constants will result in virtually
the same Traffic Index. For example,
in Appendix I the EWL57 would have a
Traffic Index of 10.9 while the new
1962 constant will give a Traffic
Index of 1l.1.

By introducing an expression for
an increased tensile strength allow-
ance, coupled with a readjustment of
the load and repetition exponents, a
better correélation with the test road
data is possible as shown in Fig. 9,
The improved correlation is measured
numerically by the reduction in the
standard error of estimate from + 2.7
inches to + 2.2 inches and the increase
in coefficient of correlation from
0.87 to 0.93.

It should also be noted that in
Fig. 9 all the error is being placed
in the subbase layer. This gives a
maximum error of estimate and a min-
imum coefficient of correlation when
such things are evaluated in terms
of thickness of section. The reason
for this is obvious in that the error
between actual and calculated thick-
ness must be determined first in terms
of gravel equivalent thickness, then
converted to inches of surface, base,
and subbase. Subbase, having the
lowest equivalency, gives the greatest
error. Surface material, having the
highest equivalency, will give the
lowest error.

An example of how the correlation
factors might be changed is illustrated
by Fig. 10. This represents the same
plot as Fig. 9 except that the differ-
ence in gravel equivalent was prorated
by thickness of layer to surface, base,
and subbase. When this is done the
error of estimate + 2.2 inches of
Fig 9 becomes + 1.5 inches and the
coefficient of correlation raises to

0.97.

SUMMARY

Figs. 9 and 10 serve to illus-
trate the influence of the method used
to judge the efficiency of a design
formula. These figures also show that
the thicknesses computed by means of
the California formula (based on meas-
ured properties of the basement soil,
the subbase, base, and surface, also
the effects of traffic expressed by
the Traffic Index) 1s in nearly atl
cases equal to or greater than the
thickness indicated in the Service=-
ability Index of 2.3 on the test track.
A similar relationship could he shown
for 2.0 or 1.5 Serviceability Index.

This is the only relationship which
can be justified,as a design formula
should provide a structure stronger
than any section known to fail. In
other words, no portions are expected
to show failure within the design
life of the project. It may be argued
that this provides too great a factor
of safety and that the theoretical
thickness, in many cases, would be
excessive compared to the depths re-
ported as just adequate on the test
track. In judging the validity of a
pavement design formula by comparing
the calculated thickness with test
track data, the following facts must
be considered:

1. Every effort was made to
secure a high degree of uni-
formity on the test track,

and no such uniformity of per=-
formance can be expected on a
highway constructed by ordin-
ary methods.

2. Traffic was continued on
the test track for a period
of only two years. This means
that the test track did not
undergo the large number of
cycles ranging from high to
low temperature and from wet
to dry which affects the per-
formance of a highway over a
period of many years.

3. The asphaltic pavements
and bases on the test track
were only two years old at
the end of the test. Virtu-
ally all asphalts harden to
some degree and become brit-
tle with age. One could not
assume an equally good per=«
formance over a long period
of time on the average high-
way.

Taking into account the above
considerations, any design formula
should be on the conservative side
and provide some factor of safety
over the thickness and strength of
pavement which appeared to be barely
adequate on the test track. The
primary and important advantages of
the California formula are:

1. The California procedure
utilizes numerical values de-
rived from physical tests of
the basement soil, the sub-
base, base and pavement.

2. The California method pro-
vides a logical means for con-
verting miscellaneous traffic
wheel loads to a single number,

Gl R Do =y
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the Traffic Index, which num-
ber bears a direct linear re-
lationship to the thickness of
pavement structure required.

3. The California method has
been in use for approximately
13 years and has demonstrated
that it can accommodate wide
variations in the type of soil,
type of base and type of pave-
ment as well as variations in
wheel loads and in the number
of load repetitions.

® %k k k%

ACKNOWLEDGEMENTS

In addition to the many persons
who have worked on the California
pavement design formula for previous
papers, the authors wish to acknowl-
edge the help of several whose com-

bined efforts made this paper possible.

The review of the AASHO Road Test data

was carried out by Mr. David W. Eckhoff,

Mr. Robert 0. Watkins, and Mr. Carl R.
Sundquist. Correlation tests were
performed under the general direction
of Mr. Ernest Zube. Mr. Clyde Gates,
Mr. Daniel Howe and Mr. Merle Nelson
all contributed to the testing pro-
gram and analysis of results.

We wish to thank Mr. William H.
Yttrup, Mr. Robert Souza, Mrs. Agnes
Lyon, Mrs. Mary Martin, and their
staffs, for the exacting work of pre-
paring the figures, reproduction and
manuscript typing.

REFERENCES

(1)

(2)

(3)

(4)

(5)

(6

"The Factors Underlying the
Rational Design of Pavements",
F., N. BHveem and R. M. Carmany,

ProceedinésI Highway Research
oard,

"Progress Report of Subcommittee
on Methods of Measuring Strength
of Subgrade Soil - Review of
Methods of Design of Flexible
Pavements', Dr. M. S. Kersten,

F. H. Cosgrove, A. T. Goldbeck,
R. M. Haines, and F. R. Olmstead,

Pr.oc.eedinﬁsI Highway Research
Board,

"Phenomena in Asphaltic Road
Construction', L. W. Nijboer and
C. van der Poel,

Proceedings, The Association of
Asphalt Paving Technologists,
Vol. 22, 1953

"Recent Changes in the California
Design Method for Structural
Sections of Flexible Pavement',
G. B. Sherman

Proceedings, First Annual High-
way Conference, 1358

Throughout the text references
are made to data from the AASHO
Road Test. These data are ob-
tained primarily from Report 61E,
Pavement Research

California Division of Highways
Materials Manual of Testing and
Control Procedures, Vol. I.

wifastie-eoff——-—mmm—m""""_


http://www.fastio.com/

HVEEM AND SHERMAN

6561 ‘T USIBK

‘uorssag 3] ‘S52a1BuU0) Y3g9R ‘6 'ON IUSUMDOQ ISNOH WOII PIIOPIAJXI SITXE WopUE] pue a18urs JO 93equ9o39g

(prOT To9um wepuel ueyl I3TAeRY %01 273uTs QU0 = WApUE] BUC ‘°3°T) 3D9FFS WIpuUE] uodn pasedsx

89% T¢Lee (YA X LLTE ¢L91 TME TBI0L
Ly 8898 £9L1 £e1e atye $3TRY ‘ON T®IOL

- - - (TT ¢ 6€ - - 6 | - - Sy - - (7] T/1-21 | 92-%C
- - - SHZT 6 lz 8T 1 8¢ | - - 43 £t 1 ccl Z/1-1T | %2-2C
- - - S0¢ 11 9°8T1 9l Y 8°8T1 - - 1°0¢ 06 Vj 9°zz | ¢f1-01 22=0¢
- - - 146 0% 8 ¢l 921 6 6°¢1 o1 1 8 %1 04 ¢ $*91 | ¥/E-6 Q¢-61
[ 1 ¢ 11 6£0L 9/¢ 0'T1 06¢ 9z ANt 061 a1 6°11 861 ST €1 | ¥/1-6 61-81
1 9 1°6 ¢9€9  ST19 L°8 ZHe 6¢ 88 8G¢L 8¢ %6 coe 62 Q1| ¥/€-8 21-L1
LS 8 'L 119% 4.9 8'9 419 €< 6°9 £8y 99 £ L £l 1 7°8 ?/1-8 £1-91
99 (A ¢'g wehe L[99 FARY 06¢ ) £°¢ %9 11 9°¢ LIT 8¢ £°9 p/e-L 91~-¢1
€8 0¢ 1 %02 <15 L6°¢€ 657 79 €0 % s GO0T HT°Y el 8¢ Gl Y 7{1-L S1-%1
0L 194 {0°¢ 86TT 60%7 £6°C 891 9¢ 00°€ HZ¢ TL 91'¢ 0¢1 e (AR 7/€-9 71-¢1
YA 11 (A 846 062 66°1 801 419 91°¢ 21¢ 9L c¢'¢ 11 ch wG'T ?/1-9 ¢1-¢1
62 61 §¢°T ¢ 192 I€°1 Z8 %G 1671 ¢9T 60T 8S°1 88 6%7 08°1 | ¥/t~S ¢T-11
6¢ Lz 01°1 Cee £€CZ £6°0 89 £S5 01°1 0L1 /ST 80°1 6L ¥9 AR | 7/1-S T1-01
9¢ 9¢ €L°0 Z0¢ 6% €970 69 06 €L°0 €CT ¢1Z TL'0 €9 Lt 1870 hfe=% 0T-6
€1 1€ UAZARY) 1€¢ 668 6£°0 18 80T 8v°0 801 iH%e ¢%°0 6% CIT 1¢°0 /1% 6-8
£ £EST T10°9 6S £1I£E Z0°0 12 ®OTT Z20°0 71 €6 2070 6t 6£61 20°0 [A 8-¢
TME  S9TXY 21XV IMT  SITXY  STXY MT  SOTXY 9TXVY I™MT  SOTXY STXV ME  SSIXV  2TXV sd1y sdTy
‘oM aag *ON asd *0ON Isd *ON asg *ON aad peol dnoan
FIMH »TME »"IMT 3 IMI ™MH T=o4M IXY

§3oni], °oIXV 9 SMoDAL 91XV G S)on], 21XV ¥ SYONAL, ITXV § 8YONL], TRV
AoAIng Iojowopeo] IPTMa1LAS EET UOC paseq
sdnoxs WonIl I0I sjueisuo) IJV ATaeeX
UTHEAD3S(] 03 SUCIIETNOTED
AT d19VL
: {
C C

D)

fastocom

AY

=

-1

DT


http://www.fastio.com/

HVEEM AND SHERMAN

*27JJel1] TRUOTIDSATP-TQ 9PNTOUT SIUNOD DFFFeA] UM S$JUB3ISUO)yx

*+£TUO UOTFOPAIP SUO UT ITFFBIJ ISA0D SIUNOD DIFJBAI USYM SIUBISUODy

SLYT 766¢ 760°8 6v7e’ 1 89% Lye 9

68¢¢ TLLY CL0° el €19°¢ 1clte 8898 g

696 6¢6T1 78C° ¢ 12¢° T [ YAY €9LT K

¢isg 0¢91 L9%° %y 68%7°1 LLITE £e1e £

0s¢ 66% 89¢°1 #89°0 TL9T 99he [4
UOII0BIT([ 2UQ sdeq G¢9¢ yonxal 21XV ™H S9TXVY yonag a3d
ur J}oniy aug 103 M a9d "MH I ME Te3or "ON T®3I0L S9TXY
I0d aeok/TMAxx jo °"ON

SYONIL JO S9SSET) SNOTIBA
30J sjuejsuon oniy, A1Teq 93eI9ay JO IqE]

A JTIVL

P

Aastro.com

A

J

[

(=
EDT


http://www.fastio.com/

did OF uo}y204s X
1nog ugd bay g
dix G2 UCIYI0IS ©
nos 489 bayp diX 9 uojybuig e
[t0S § 8D "bay 2} OHSVMC
1¥0ddNs 110s avol NOILYNDiS3a
40 3dAl I3IHM MIovyL 1s3l
£S9m3
000°000'000°I  000'000°00! 000'000'01i 000'000"| 000'00I 000'01 000" oo_m
| I I
I-¥-9 5~ /5
2 [5Uoji1iada5 ] g(sdiy 07 pooT [304m] - AT
&
£ ot
4]
e o
=
m _— 02
o og
e X
P ov
06
SSIANMOIHL INIW3IAVd
HLIM
LS M3 40 NOILVI3IYYHOD
( {

Figure |

SIHONI ~SSINMIIHL LNIWIAV

AR ST OTE O

—ClibRB-


http://www.fastio.com/

HVEEM AND SHERMAN

Anatytical Chart To Show The Variables That Must
Be Evaluoted For The Structural Design

/“\
of
ASPHALT PAVEMENTS
| 2 3 4 5 ]
THE MANIFE STATION FACTORS PRINCIPAL SEGONDARY FURTHER
PROBLEM Visible Signs of “Depends upon' VARIABLES VARIABLES VARIABLES
Distress or Fotlure
- Wheel Lood
X -=Repetitions
— Trfo IC—— 4 Tire Contact Areo {Prassure)
+ Area of Lood Infiuence —E{- No. of Tires
+ Axle Spacing
+ Speed
|— Consistancy
—  Aspholt L+ Tamperolure
Amount of Asphalt
—CRACKING —— P F e Aren of 200
- Aqququi-__—._———t ‘
- Danslly
P Pcveme!’li'——— = Slab Thickness
{— Consistancy
— Aspholi = Brittieness -
L-|- Film Thickness
I+ Flexibility ————————1 Aqgreqate
Ability to Resist Fatigus L 4 Slob Thickness
|—-+ Durability 4 Aspnalt Durability
_+ Stiffness of Bose B Subbuse— Type of Bote ___——[*' Tensdta Strendin
+ Thicknats
L__,_F d f + Fri¢tlon
oundarioh — Plastic Deformation ——t Cahesion
Boses, Subbases, : Inerila
Bosement Soils
- Elasticily ot Porticles
=FEiastie Deformoficn———{;— Air or Gos
-— Moistyre
Lt
o
=2 _ - Wheei Load
f . — Repet:fions
<1 Traffic —————+ Speed
(18 r L 4 Tire Contoc! Area { Prassure}
+ Area of Load Influence——E-{- No of Tires
4 Axle Spocing
+ Stability
—Pavement “——E+ Thickness
""'DEFORMAT[ON“— + Slob Strength
- Consolldation
- Volume Ghonge ’—E— Exponsion
<+ Surcharge Lood 4 Lateral Suppert
+ Frction
L—FOU ndation ——= Flastie Deformunon———\:q- Gohestor
& Inartis
— Elastic Parlicies
— Elastic Deformation ————E—-Alr
- Moisture
~ Tire Pressure
Traff ic _————-E- Repetitions
- Speed
L + Asphott — insufficient Amaunt
DISINTEGRATION- _pavement { S — T
— Porosity
Aggreqate ———_—‘—'{:..Hydrophmc
T —Resilient Foundation
LEGEND —Environment {-Wuter
Temperature

- = ltems that are detrimental
or destructive 1f increcsed

4 = ltems that are beneficial Figure 2

or on improvement if
intcreased.
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ALIGNMENT CHART TO INDICATE THICKNESS
OF COHESIVE LAYER REQUIRED OVER
& COHESIONLESS SAND OR GRAVEL

40,000 40

35,000

30,0001

25,000 |

20,000

SINGLE AXLE LOADS (KIPS)

15,000 ~

10,000 1

o
MINIMUM THICKNESS OF PAVEMENT & BASE (INCHES)
OVER COHESIONLESS SAND OR GRAVEL

5,000

Figure 4
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THICKNESS OF TEST SECTIONS AT AASHO TEST TRACK

CALCULATED DESIGN THICKNESS USING

VS.

CALIFORNIA DESIGN EQUATION (i957)

(SECTIONS WHICH FAILED DURING FIRST SPRING THAW ARE OMITTED)

. L EGEND
B LOOP 2 3 4 5 6
FACTORIAL{LANE I| x © 0 ¢ a
o 35
—_ SECTIONS |, sne 2| 1 o = @ &
Te &
Z WEDGE |° e
E SECTIONS |[BTE ° o=
STONE
g BASE S RA
o 30
L
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HVEEM AND SHERMAN

COHESIOMETER VALUES OF
BITUMINOUS PAVEMENT AT
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HVEEM AND SHERMAN

GRAVEL EQUIVALENT OF BITUMINOUS PAVEMENT
BASED ON
AASHO TEST ROAD ANALYSIS

Unit Gravel Equivalent (g.e.) of Bituminous Pavement

(inches per Inch)

3.0

2.0

1.0

Cr = 5000
Cy =4000 \\\
Cr = 3000 \\\
Cy = 2000 \\
N
|
Cy = 1000 \\\k
| N
0.2 T ~——
C
_"_g£.= Gis \\\\\\
. . i 5 |4 25
Effective Cohesion, C=Cy <Cs
Where Cy= Cohesmmeter Vclue at L
Mean Pavement Temperature
0 2 4 6 8 10 12

Traffic Index

Clido2B.


http://www.fastio.com/

HVEEM AND SHERMAN

LOG GRAVEL EQUIVALENT OF PAVEMENT SECTION
VS. LOG WHEEL LOAD

DATA FROM STONE BASE WEDGE SECTIONS
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HVEEM AND SHERMAN

THICKNESS OF TEST SECTIONS AT AASHO TEST TRACK
VS.

CALCULATED DESIGN THICKNESS USING
CALIFORNIA DESIGN EQUATION (1962)

(SECTIONS WHICH FAILED DURING FIRST SPRING THAW ARE OMITTED)
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HVEEM AND SHEBMAN

THICKNESS OF TEST SECTIONS AT AASHO TEST TRACK

VS.
P
CALCULATED DESIGN THICKNESS USING
CALIFORNIA DESIGN EQUATION (1962 ) (EQUIVALENT SECTIONS)
(SECTIONS WHICH FAILED DURING FIRST SPRING THAW ARE OMITTED)
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HVEEM AND SHERMAN 1

APPENDIX I

TYPICAL EXAMPLE OF PAVEMENT
THICKNESS DESIGN

Given the Resistance Value of
basement soil = 20, as measured by
the Hveem Stabilometer, cohesion of
gravel = 20; cohesion of crushed
stone base = 30; cohesion of asphalt
concrete = 2000, and the average daily
truck traffic shown below.

The number of trucks counted in
each class is multiplied by the year-
ly EWL constants listed in Table V
to determine the annual EWL.

Truck
Class EWL
by *No.of Yearly = Yearly
Axle Trucks Constants EWL
2 679 250 169,750
3 344 815 280,360
4 295 965 284,675
5 1539 2385 3,670,515
6 113 1475 166,675

Total Annual EWL = 4,571,975
Assuming that in 10 years the

traffic will have increased 50%, the
average annual design EWL is:

1.0 + 1.5(4,571’975) = 5,715,000 EWL

The total design EWL for 10 years is:
10(5,715,000) = 57,150,000 EWL

Traffic Index is determined from EWL
by the following equation:

1T = 1.30 (gwL)Q-12
For the example above:
TI = 1.30 (57,150,000)0 12

0.12
- 1.30 (107757

-~ 1.30 {109-931) = 1.30(8.53) = 11.1

%2 directional count

PAVEMENT THICKNESS CALCULATION

The required Gravel Equivalent
(G.E.) is determined by the equation:

0.080(T1) (90-R)

G.E. = o
(Cohesiometer value of gravel)

For the example:

_ 0.080(11.1)(90-20)

= 34.2"

Based on California experience,
the minimum thickness of A.C. for a
Traffic Index of 11.1 is 7 inches.
For a crushed aggregate base, a thick-
ness of 10 inches is typical in pres-
ent California practice.

The Gravel Equivalents of the
A.C. and Base are tabulated below:

Cohesiometer Gravel
Materials Value Equivalent
A.C. 2000 (7)(1.6)*% = 11.2"
Agg. Base 30 (10)(1.1) = 11.0"
Total 22.2"

The thickness of subbase (g.e. =
1.0) is therefore:

34.2 - 22,2 = 12,0 inches

The total structural section is:

7" A.C,
10" crushed aggregate base
12" subbase

#Refer to Table of Proposed Equival-
encies, page 9.
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